Methods for interval estimation of the ratio of two independent coefficients of variation (CVs) of the delta-lognormal distribution are proposed based on the concept of the generalized variable approach (GPA) and the method of variance estimates recovery (MOVER). The performances of both methods are assessed through Monte Carlo simulation in terms of the coverage probabilities and average lengths.
INTRODUCTION
The coefficient of variation (CV) of the population is defined to be the ratio of the population standard deviation to the population mean. Because of the advantage of CV, many researchers have been studied confidence intervals for CV of the normal distribution; see, e.g., (Wong and Wu [10] , Tian [7] , Mahmoudvanda and Hassanib [6] ). In various situations of interest populations may be reasonably described by a lognormal distribution. The lognormal distribution makes sense if the variable always takes positive values. In such practical situations, however, zero values are also possible. For example, in meteorological observations, while the amount of rain is always non-negative, it is quite possible that there is no rain on some days i.e., the amount of rain on this day is zero. Such zero values cannot be handled by lognormal distribution. The delta-lognormal distribution is, however, the distribution that mixes between lognormal data and zero values, the term of positive data has a lognormal distribution; see, e.g., (Aitchison and Brown [2] , Crow and Shimizu [4] ). The delta-lognormal distribution is applied in many applications; in particular of data analysis in finance, insurance, reliability, meteorology, and health researches. The parameters of interest for this distribution are the mean and the CV. The confidence interval for the ratio of means of delta-lognormal distribution was studied in Chen and Zou [3] . The ratio of two independent delta-lognormal coefficients of variation (CV) is, however, challenging to study and appears to be the first attempt in this topic. In this paper, we applied two methods based on the method of variance estimates recovery (MOVER) described by Donner and Zou [5] and the generalized confidence interval of Weerahandi [9] to construct new confidence intervals for the ratio of coefficients of variation, CVs, of two independent delta-lognormal distributions.
THE PROPOSED CONFIDENCE INTERVALS
The distribution function of the delta-lognormal population is presented by Aitchison and Brown [2] as ( )
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Straight forward calculation for the CV yields
where k ν is the CV of . 
The confidence intervals for the parameter ϕ can be constructed by the following methods.
The Generalized Pivotal Approach (GPA)
Weerahandi [9] defined a generalized pivotal quantity as a statistic that has a distribution free of unknown parameters and an observed value of generalized pivotal quantity does not depend on nuisance parameters. It is shown the generalized pivotal quantity is allowed to be a function of nuisance parameters, whereas a conventional pivotal quantity can only be function of the sample and the parameter of interest. For the lognormal mean, Tian [8] showed that Weerahandi's method can be used to obtain the confidence interval. Although there have been no research done in the confidence interval for the CV of delta-lognormal population by the GPA, in this part, we present the GCI for the ratio of two CVs of deltalognormal distributions. Suppose k Following, Weerahandi [9] , the generalized pivotal quantities for is the quantile of the standard normal curve corresponding toα . Afterward, the function of 
is a ( ) 100 1 % −α two-sided GCI for the ratio of coefficients of variation. Thus the coverage probability of the GCI can be computed using the Algorithm 1. 
The method of variance estimates recovery (MOVER)
The idea of the method of variance estimates recovery (MOVER) was presented by Zou and his colleagues; see, e.g., (Zou et al. [11, 12] , Donner and Zou [5] ). Donner and Zou [5] proposed the confidence interval for a ratio of parameters, 2  2  2  2  1  2  2 (1) 1 , 1 2
SIMULATION RESULTS
The simulation studies are carried out to evaluate coverage probabilities and average lengths of each confidence interval. The nominal value of 0.95 is calculated base on 10,000 replications and for the generalized pivotal computations 5,000 pivotal quantities are used. All computer simulations, in variety of parameters, are studied by using written functions in R statistical programming environment [13] . In this part, the simulations of confidence intervals for the ratio of two CVs, , ϕ are compared in a variety of 1 2 1 2 1 , , , , , n n ν ν δ 2 , δ where 1 μ and 2 μ are set to be 0. We consider 1 2 , 100, 200,500; n n = The performances of the GPA and the MOVER are evaluated by using coverage probabilities and average lengths for all combination parameters and are presented in Table 1 . These results clearly show that the average length of the GPA is smaller that of the MOVER, especially, when large sample sizes; the ratio of the GPA's average length and the MOVER's average length is always lower than 1. The coverage probability of the GPA's method is close to the nominal level than that of the MOVER. The coverage probability of the GPA appears to be more reliably accurate than that of the MOVER.
DISCUSSION AND CONCLUSIONS
In this paper, the confidence intervals for the ratio of CVs for delta-lognormal distributions are studied. This study proposed the new confidence intervals for the ratio of CVs based on: a) the generalized pivotal approach (GPA) and; b) the method of variance estimates recovery (MOVER). The performances of these confidence intervals were assessed in terms of coverage probabilities and average lengths through simulation studies. The results indicate that the GCI and the CFM generally provide coverage probabilities close to the nominal level and the average lengths of both approaches tend to be clearly wider as larger CVs and tend to be slightly narrower as larger sample sizes. The GPA provides the shorter average length, especially, when CVs are different. In this case, we suggest the GPA for the confidence interval for the ratio of CVs. a is the coverage probability of confidence interval. b is the average length of confidence interval. c is the ratio of the GCI's average length to the MOVER's average length.
